Background: The optimal treatment of failed back surgery syndrome (FBSS) is controversial. Limited studies have demonstrated the satisfactory outcomes of percutaneous adhesiolysis in FBSS, which can be performed as a 1 day or 3 days procedure. In the current randomized clinical trial, we compared the clinical and functional outcomes of these 2 techniques. Methods: In this study, 60 patients with FBSS were randomly assigned into 2 equal groups: 1 day group and 3 days group. Before and at 4 and 12 weeks after the procedure, pain intensity was measured using visual analogue scale (VAS). The Oswestry disability index (ODI) was also completed. Pain reduction of 50% or more was defined as treatment success. Results: Significant pain relief and ODI improvement were obtained in the 2 groups with adhesiolysis (P < 0.001). However, pain intensity remained the same before and at 4 and 12 weeks after adhesiolysis. ODI score was significantly lower in 1 day group in the 1 month visit (P < 0.001). Treatment was successful in 76.7% and 83.3% of the patients in 1 day and 3 days groups, respectively (P = 0.519). Conclusions: Adhesiolysis is an effective treatment for pain relief and functional improvement in FBSS. The results of 1 day and 3 days procedures are comparable. Based on these findings, the authors recommend using 1 day technique, which can potentially decrease the patients' discomfort, hospital stay, and cost of treatment.
Background
Along with desirable results of surgical treatment of various spine problems, residual constant pain after surgery is one of the most important complications of the treatments. Despite advances achieved in the field of spinal surgery, the failure rate of these therapeutic methods has not been decreased in the last 2 decades (1, 2). It has been reported that among 300,000 to 400,000 surgeries annually done to relieve chronic low back pain (LBP), only 50% to 60% are successful (3) . In fact, failed back surgery syndrome (FBSS) or postsurgery syndrome does not have a precise definition; FBSS is a set of syndromes, pain, and disability after spinal surgery. In various studies, the incidence of FBSS has been reported to be 10% to 40% (2, 4) .
Several causes have been introduced for FBSS including pressure on the nerve root due to disk reherniation or retained disk fragment, epidural fibrosis, acquired stenosis, and segmental instability. However, about 20% to 36% of FBSS occur due to epidural fibrosis, which is a progressive disease (2, 4) .
FBSS treatment methods vary and include conservative treatments, oral medications, combination of topical agents, epidural injection of different drugs, trigger point injection, percutaneous adhesiolysis, high-dose oxycodone/naloxone, spinal endoscopic adhesiolysis, facet joints nerve block, Sacrococcygeal gap injection, sacroiliac joint injection, spinal cord stimulation (SCS), placement of intratecal catheter, and resurgery that although have been successful to some extent, they have some defects and limitations . Percutaneous adhesiolysis is a relatively new technique, which wasintroduced about 25 years ago for the treatment of FBSS (12) . However, few studies have been conducted in this field. In this method, undesirable and destructive effects and scar formation are mechanically disappeared, which can lead to decompression of nerve roots and pain relief. In addition, percutaneous epidural adhesiolysis leads to entering large amounts of medicine with high concentration to the desired location. However, the results of previous studies have been very different, and success rates varied between 48.7% to 73% (4, 8, 10) . Two main approaches for performing percutaneous adhesiolysis include 1 day and 3 days methods. To our knowledge, no study has compared the results and complications of these 2 methods. In this study, we compared the effectiveness of 1 and 3 days epidural adhesiolysis methods in the treatment of FBSS. As no difference was found between the 2 methods, we can prevent patients' hospitalization and increase health care costs.
Methods
In this randomized clinical trial, 60 patients with FBSS, who referred to our pain clinic at 2014, were investigated. Diagnosis of epidural adhesion was made based on the clinical findings and MR imaging. Clinical findings may include increased back pain during walking or sitting, referral pain, muscular spasm, hip or sacroiliac joint pain, headache, burning, electrical shock-like pain, numbness and weakness, with symptoms indicating the alteration of proprioception such as dizziness or tinnitus and dysfunction of bladder, bowel, and autonomic system. Presence of some of these findings and history of a previous spinal surgery, in addition to abnormal MR images, were considered as the criteria for diagnosis of FBSS. Inclusion criteria included age over 18 years, and at least 6 months pain history with or without radicular pain after spinal surgery. Exclusion criteria included suspected facet joint pain, any epidural injection, or other invasive therapeutic methods within the last 6 months. Other exclusion criteria were pregnancy, breastfeeding, addiction, and mental problems. All patients were asked to sign a written informed consent.
After registering demographic information, pain intensity was measured using visual analogue scale (VAS), and functional status was investigated using Oswestry disability index (ODI) questionnaire. Patients were assigned randomly into 2 groups of 1 day or 3 days technique using random number table.
In 1 day group, after preoperative evaluation, antibiotic was administered via IV access based on the protocol and patient condition. The procedure was performed in prone position. Sedation was administered gently. The beam of C-arm was adjusted over the lumbosacral spine. An epidural needle gauge 18 was inserted in caudal epidural space at first. Then, through the needle, 2 -5 cc of Omnipaque 240 was injected to detect filling the defect site using lumbar or caudal epidurugram. After detecting the lesion site, a spring-guided Racz catheter was gently inserted through the RK needle into the filling defect area using flouroscopy and findings of the physical examination. Thereafter, 10 to 20 cc of saline with hyaluronidase was injected through a catheter washout. Then, 5 cc of lidocaine 2% was kept in site as a local injection. If epidural or nerve root filling were observed, complete adhesiolysis would have been obtained.
The catheter was closed using bio-occlusive dressing. In recovery, after resolving the motor block, 15 to 30 minutes after local anesthetic injection (10 cc of bupivacaine 0.25%), 6 cc of saline 5%, with or without hyaluronidase, was injected in 2 doses of 3 cc. In the next step, 40 to 80 mg of alcohol-free triamcinolone was injected. Finally, by injecting 0.5 -1 cc of normal saline, the catheter was removed. Motor and sensory function was evaluated for all of the patients. Finally, IV access was removed and the patient was discharged.
After inserting an epidural needle gauge, 18 caudal epidural space, 10 mL of Omnipaque 240 was injected for the 3 day group. After placement of Racz catheter, saline with hyaluronidase was injected, and then, bupivacaine 0.25% combined with 40 mg of triamcinolone were injected. In recovery, 9 cc of saline 5% was injected half an hour after steroid-anesthetic injection. After the procedure was complete, the catheter was secured using 2 -0 nylon with application of antibiotic ointment. Then, the patient was transferred to the ward and on the third day, 10 cc of bupivacaine 0.25% was injected after negative aspiration within half an hour, followed by injection of 10 cc of saline 5%. Finally, the catheter was removed and a triple antibiotic ointment was applied on the wound. The most involved level was targeted for adhesiolysis in the 2 groups.
The patients were asked to attend the clinic for reexamination 4 and 12 weeks after discharge. In these visits, pain intensity and functional status were assessed by VAS and ODI, respectively. In this study, pain reduction of 50% or more was considered as treatment success. Finally, collected data were statistically analyzed.
Quantitative data were presented as mean ± standard deviation, and qualitative data were presented as number and percentage. To compare pre-and post-treatment, VAS and ODI in each group, paired t test or Wilcoxon test was used, and to compare the 2 groups, independent t test or Mann-Whitney U test was used. All analyses were performed using statistical software SPSS version 16. In this study, P < 0.05 was considered significant.
Results
Demographic information of the 2 groups is demonstrated in Table 1 , showing no statistically significant differences between the groups in age, gender, BMI, and spinal involvement level. Pain intensity and ODI score were compared in Table 2 . As demonstrated, pain intensity before and after treatment was the same in the 2 groups. Also, the ODI score was the same before the treatment and in the final visit in the 2 groups, while ODI was significantly lower in 1 day group in the 1 month visit, (P < 0.001). In addition, ODI score in the final visit was lower in 1 day group than 2
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Discussion
The present study revealed that adhesiolysis with both 1 and 3 day techniques can play an important role in relieving pain and improving function in patients with FBSS. In both methods, success rate was satisfactory and comparable, and in some cases it was better than the results of other FBSS treatment methods.
Some authors have clearly shown the relationship between epidural fibrosis formation and radicular pain and clinical results. Ross et al. stated that the presence of a scar tissue around the nerve roots increases the incidence of radicular pain up to 3.2 times (27) . Also, in a study by Bokov et al. it was found that the epidural scar tissue formation after microdiscectomy due to the disc extrusion or sequester was the cause of recurrent pain in 12.3% of patients with FBSS (2). Furthermore, in a randomized clinical trial conducted to evaluate the efficacy of ACON-L gel to prevent scar tissue formation, Maroon et al. found a significant relationship between peridural scar formation and persistent low back pain after discectomy (28) . However, the role of epidural fibrosis in the incidence of FBSS is still indeterminate, and some studies have found no relationship between FBSS and the surgery outcome. In a clinical trial, Rönnberg found no significant relationship between the presence of a wide peridural scar or the location of scar formation and the clinical results (29) .
However, in recent years, the use of adhesiolysis has become one of the most common methods in the treatment of pain due to FBSS and has been used in many pain clinics around the world. This technique is a minimally invasive technique for the treatment of radicular pain and spinal problems, which is used when conservative or more common methods like epidural injection have failed (30) . The main hypothesis for using adhesiolysis in FBSS is that the presence of epidural fibrosis can potentially cause pain and prevent analgesic drugs to reach the affected site based on the findings of the above-mentioned studies (2, 27, 28) . Other suggested mechanisms for adhesiolysis are washing out inflammatory cytokines in the damaged site, lavage of epidural space, reduced ectopic exudates of damaged nerves, and increased blood flow in ischemic nerve roots (30) .
One of the most important methods for the treatment of FBSS is spinal cord stimulation, which has been associated with desirable results. Abeloos et al. stated that 75% of patients with refractory FBSS, who were treated by SCS, were satisfied with the treatment results after 8.3 years (31). Reverberi et al. also reported desirable results for the treatment of FBSS by SCS and peripheral nerve field stimulation in the short-term follow-up (19) . In 2 systematic reviews, Frey et al. and Kelly et al. stated that SCS can greatly affect the treatment of FBSS, but more studies are needed (6, 14) . Although systematic reviews are the best type of studies to evaluate the efficacy of treatment modalities (32), because SCS is a highly invasive and expensive method, it is preferred to use other techniques before using SCS. In fact, if easier therapeutic methods are not effective, spinal cord stimulation should be performed before deciding on surgery.
Although epidural injection is a relatively simple and common method with fairly good results, it has several limitations. Manchkanti et al. found that in FBSS, caudal epidural injection caused improving functional status in 55% and pain reduction in 60% to 70% of patients (33) . In another study, the same authors found that after 1 year, pain relief and functional improvement were only seen in 53% to -59% of patients with FBSS, following epidural injection (17) . As mentioned, in cases in which a fibrous tissue is formed, the integrity of the epidural space is lost, and epidural fibrosis can prevent the drug to reach the affected site. Recently, Lee et al. indicated that adhesiolysis, compared to transforaminal epidural steroid injection, is significantly more effective in relieving pain and improving (6 -68) functional in patients with FBSS (34) . Some studies have also shown that epidural injection is not highly efficient and it only relieves pain temporarily. Also, Manchikanti et al. in a clinical trial with a one year follow-up revealed that epidural injection and epidural adhesiolysis were successful in 12% and 73% of the FBSS patients, respectively (4). In another clinical trial with a 2-year follow-up, the same authors found that pain relief and functional improvement were obtained in 82% of the patients in 1 day adhesiolysis group and only in 5% of patients in epidural injection group. On average, each patient underwent epidural injection for 6.4 ± 2.3 (35) . Also, Chung-Jing et al. demonstrated that after 6 months, the rate of clinical effectiveness in epidural adhesiolysis group was 50% and it was 5.26% in dexamethasone injection group (8) .
The primary method of adhesiolysis introduced by Racz included a 3-day period with the catheter in the epidural space and with injection of a different drug every day (36) . After a while, Manchikanti et al. changed this method and suggested a 1 day outpatient method (37) . Theoretically, the 1 day method has many advantages over the 3 days method. In this method, the catheter is removed immediately after drug injection and the patient is discharged. Therefore, the patient experiences less pain and discomfort. Furthermore, the 1 day technique can play a significant role in reducing costs by reducing the hospital stay. However, to our knowledge, the results and efficacy of these 2 techniques of epidural adhesiolysis have not been compared previously. Thus, in this randomized clinical trial, 2 groups of patients with FBSS were treated by 1 and 3 day epidural adhesiolysis. In our study, both techniques effectively reduced pain intensity and improved ODI score without any significant difference. However, the significantly lower 1 month ODI in the 1 day group showed that this technique can be associated with faster functional improvement. Thus, one should note that although there was no significant difference between the 2 methods, the 3-month ODI score was lower in the 1 day group compared to the 3 day group, and perhaps, if the number of patients was increased in our study, the difference might have reached statistical significance.
Conclusions
Given that the final results of the 2 methods were statistically identical and both protocols had high safety, the authors recommend using the 1 day technique due to the decreased duration of the procedure and hospital stay, which can be associated with less patient discomfort and treatment cost. In addition, it should be noted that ODI score was lower in 1 day group, encouraging the use of this protocol. However, more future randomized studies with larger sample sizes are required.
